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STUDY OF AUTOIMMUNE DISEASE IN NEW ZEALAND MICE
II. IMMUNOLOGIC AND PARABI0TIc STUDIES OF NZB/NZW F1 HYBRIDS*
IRWIN M. BRAVERMAN, M.D.t
NZB/NZW (B/W) hybrid mice develop an
illness mimicking lupus erythematosus. L.E.
cell phenomena, antinuclear factor (ANF),
Coombs' positivity and lethal renal disease are
the salient features (1, 2, 3). The genetic
aspects and natural history of the disorder in
our colony will be discussed elsewhere. This
report is concerned with our initial studies
of the immunologic behaviour of these ani-
mals; attempts to transmit disease from one
animal to another by parabiosis; and attempts
to precipitate the disorder with hydralazine
and Mesantoin.
MATERIALS AND METHODS
Animals. Drs. Helyer and Howie sent us breed-
ing pairs of NZB and NZW mice. Seven to 9 gen-
erations have been born in our laboratory from
brother-sister matings. The NZB strain is in the
65th generation and the NZW in the 38th. The
animals are fed regular laboratory chow supple-
mented with sunflower seeds and oatmeal. F1 B/W
hybrids were derived from mating NZB males with
NZW females and the reciprocal cross. Identical
disease was produced by the 2 crosses. Only F1 hy-
brids were used in this study.
Hematologic studies. Blood was collected from
the retroorbital venous plexus or tail vein. Micro-
hematocrits were determined by standard tech-
niques and reticulocyte counts were performed
using New Methylene Blue as stain.
Tests For Autoimmune Markers
a. Direct Coombs' test. Goat anti-mouse gamma
globulin (Hyland) was absorbed 3 times with
washed Swiss albino red blood cells to remove
non-specific agglutinins. Immunoelectrophoresis of
the antisera against normal mouse serum showed
only gamma globulin (IgG and IgA) to be pres-
ent. Red blood cells to be tested were washed 3
times in 0.85% saline, diluted to a 2% suspension
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and 1 drop mixed with an equal volume of Coombs'
serum (1:10) in a 10 x 75 mm test tube. After
centrifugation at 3000 rpm for 15 seconds, the pres-
ence of agglutination was detected macroscopically
or microscopically. Known positive and negative
red blood cells were included in each run.
b. Antinuclear factor (ANF). Nuclei of leuco-
cytes in normal mouse blood smears fixed in ab-
solute ethanol for 10 minutes served as the nuclear
antigen. Fluorescein conjugated goat anti-mouse
gamma globulin (Hyland) was passed through a
DEAE-cellulose column to eliminate non-specific
staining according to the method of Goldstein et
al (4). Immunoelectrophoresis against normal
mouse serum showed only gamma globulin to be
present. Test sera were placed on the blood smear
for 30 minutes at room temperature in a moist
chamber. After washing in pH 72 phosphate buff-
ered saline, the slides were covered with the fluo-
rescein conjugate for another 30 minutes. Speci-
ficity was controlled by blocking the reaction with
non-fluofescein conjugated antiserum and by sub-
stituting a known negative serum for the test se-
rum. A Leitz microscope equipped for fluorescence
microscopy was used.
c. L.E. cell test. The animal's blood was col-
lected in microhematocrit tubes and allowed to
clot. After the clot was broken up with a fine wire,
the tube was incubated at 37° C for 2 hours and
centrifuged. A smear was made of the buffy coat
and stained with Wright's stain. L.E. cell phenom-
ena consisted of L.E. cells, rosettes and hematox—
ylin bodies.
Histologic methods. Tissues were fixed in 4%
buffered formalin, cut at 4 microns and stained
with hematoxylin and eosin and periodic acid
Schiff. Special stains were employed where indi-
cated. Animals were killed by cervical dislocation.
Cryostat sections of kidney were prepared in a
Lab-Tek apparatus and cut at 4 microns at —20° C.
The sections were air dried, fixed in absolute ace-
tone for 10 minutes and washed in pH 7.6 phos-
phate buffered saline before use. Fluorescein con-
jugated goat anti-mouse gamma globulin was
applied for 30 minutes at room temperature in a
moist chamber and then washed in the phosphate
buffered saline before viewing.
Immunologic Studies
a. Delayed hypersensitivity. The footpad tech-
nique of Mackaness was used to measure delayed
hypersensitivity (5). Three groups of 5 B/W hy-
brids 10 to 12 months old, all exhibiting autoim-
mune disease were sensitized by injecting a single
hind footpad with 0.1 ml of one of the following:
fortified complete Freund's adjuvant; fortified
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complete adjuvant containing 500 'y egg albumin
(EM; and fortified adjuvant containing 500 y bo-
vine serum albumin (BSA). The concentration of
Mycohacterium butyricum in the adjuvant was 3
mg/ml. EA 5x crystallized was obtained from Nu-
tritional Biochemical, and BSA from Armour Lab-
oratories. Animals were tested 10 and 30 days later
by injecting 0.1 ml saline containing 10 y and 100 -y
of the sensitizing antigen or first and second
strength PPD into two footpads. The specificity of
tbe reaction was controlled by injecting an antigen
to which they had not been sensitized into the third
unused footpad. Increase in size of the footpad at
24 and 48 hours was measured with calipers to the
nearest 0.1 mm. An increase of 02 mm or more was
deemed significant. An equal number of 0,11 mice,
4 months old were similarly sensitized. The read-
ings at 10 and 30 days did not differ significantly.
b. Induction of tolerance. The method of Cla-
man was used to induce tolerance to bovine gamma
globulin (BOG) in adult mice (6). BGG (Pentex)
was dissolved in sterile non-pyrogenic saline on the
same day it was injected. Samples containing 25 mg
BGG/ml were centrifuged in a Beckman model L
ultracentrifuge. The tubes were spun in an angle
rotor at 60,000 G (center of tube) for 40 minutes.
Protein content was determined by UV absorp-
tion at 280 mpa. in a Carey recording spectropho-
tometer. The pellet contained 4% of the BGG.
After ultracentrifugation, the solution of non-
aggregated BGG was stabilized by adding 0.1 ml of
normal mouse serum to each 16 ml of BGG solu-
tion. The mice to be made tolerant were injected
intraperitoneally with .08 ml (1.9 mg BOG).
Twelve days later these animals plus those serving
as controls were sensitized by 4 subcutaneous in-
jections of fortified Freund's adjuvant containing
non-centrifuged BOG (200 -y BGG in 1.6 ml of
adjuvant). Five weeks later each animal was in-
jected intradermally with 0.1 ml saline containing
200 of non-centrifuged BGG. The mice were bled
7 days later.
c. Jmmunodiffusion (Ouchterlony technic). This
was carried out on Immuno-plates (Hyland) with
1% BGG in the center well and the test sera in the
surrounding wells. Agar gel immunoelectrophoresis
was carried out with 5% BGG in the wells and the
animal's serum in the trough. A modification of
Scheidegger's technique was used (7). After wash-
ing in normal saline the slides were dried and
stained with amido black 10 B by the method of
Uriel and Scheidegger (8). Ten B/W hybrids 10 to
12 months old, 3 NZB mice 12 months old and 3
Swiss albino ICR animals 12 weeks old were in the
"tolerant" group. Six B/W hybrids, 3 NZB and 3
ICR mice of similar ages served as the controls.
Parc bio tic experiments. Under Diabutal anes-
thesia pairs of mice of the same sex were para-
biosed by a skin union only along their flanks. Cr51
labelled red blood cells demonstrated that the
blood volumes were equilibrated by the 3rd or 4th
day. The animals were separated on the 5th to
6th day after union because the parabionts began
to die after this time. After separation, the animals
were tested for ANF, Coombs' positivity, reticulo-
cytosis and proteinuria. Urinary protein excretion
was quantitatively determined by reagent strips—
Combistix (Ames). Animals were killed at 2 week
intervals for 2 months. The kidneys were exam-
ined histologically by conventional methods and
for the deposition of gamma globulin in the gb-
meruli by immunofluorescent technique. B/W hy-
brids 10 to 12 months old were parabiosed to B/W
mice 2 to 3 months old (20 pairs), NZW animals
2 months old (6 pairs) and Swiss albino ICR mice
2 months old (6 pairs).
Precipitotinq Foctors
Three groups of 5 B/W hybrids, 3, 4 and 5
months old respectively were injected every day
intraperitoneally with hydralazine (10 mg./kg) for
3 months. An equal number of B/W hybrids of the
same ages were injected daily with normal saline.
Five B/W mice, 2 months old, received hydrala-
zinc (80 mg./kg) in an identical manner for 3
months. Mesantoin dissolved in propylene glycol
was injected intraperitoneally every day for 3
months in 2 groups of 5 B/W mice, 2 and 3 months
old. Mesantoin was injected at a dose of 10 mg./kg
dissolved in 0.1 ml of propylene glycol. Seven B/W
hybrids, 2 and 3 months old received only propyl-
ene glycol as a control. Tests for ANF, Coombs'
positivity, L.E. cell phenomena and protcinuria
were performed at 2 week intervals. The animals
were killed and tissues examined histologically
at the end of the experiment.
ER CULTS
Immunologic Studies
a. Delayed hypersensitivity. The B/W mice
developed delayed hypersensitivity to BSA,
EA and PPD in a manner indistinguishable
from that seen with the control C311 mice
(Table 1). The increase in size of the footpads
of both the B/W and C,H mice ranged from
15 to 40%.
b. Tolerance to BGG. A relative tolerance to
BOG developed in all B/W hybrids, as well as
in the 3 NZB animals included in this initial
study of the immunological behaviour of the
New Zealand mice (Table 2). Two of 3 ICR
mice also developed tolerance. Immnnoclectro-
phorcsis showed an absence of lines for gamma
globulin (Fig. 1) in the tolerant animals, but a
single faint line was seen when the sera were
tested by the Ouchtcrlony technic. The scra
from all the control animals (6 B/W, 3 NZB
and 3 ICR) showed the characteristic bands of
gamma globulin on immnnoclcctrophoresis
(Fig. 1) and 2 or 3 heavy precipitin lines in
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the Ouchterlony plates. Qualitatively the im-
munoelectrophoresis and Ouchterlony technic
demonstrated that the B/W and NZB mice
can also form circulating antibodies.
Parabiotic Experiments
It was not possible to produce autoimmune
illness including renal disease in the NZW
and ICR mice parabiosed to sick B/W hy-
brids; nor was autoimmune disease or renal
disease accelerated in the young B/W para-
biont. Conventional histologic techniques did
not disclose renal abnormalities in any young
animal. Examination of cryostat sections of
kidneys from these mice by immunofluorescent
technique also failed to reveal abnormal dep-
csition of gamma globulin in the glomeruli or
elsewhere in the kidney. Nuclear fluorescence
in the renal sections was not observed even
though ANF could be demonstrated in the sera
of some of the young parabionts.
In 6 of 10 young B/W parabionts, ANF ini-
tially transferred by parabiosis could be de-
tected for 4 to 8 weeks after the parabiotic
union had been interrupted. The test for ANF
remained positive in these 6 animals until the
time they would normally have been expected
to develop a positive test spontaneously. In
the remaining 4 animals, ANF could be de-
tected for only 7 to 10 days after the animals
had been separated. None of the animals with
positive ANF tests looked sick.
TABLE 1
Number of animals developing delayed
hypersensitivity to EA, BSA, and PPD
Strain EA BSA 2nd strength
B/W 5/5 4/5 4/5
CH 5/5 4/5 4/5
TABLE 2
Number of animals developing tolerance
to BGG
Fia. 1. Immunoelectrophoresis. Upper slide dem-
onstrates absence of lines for gamma globulin in
"tolerant" B/W mouse. Lower slide shows band
characteristic of gamma globulin in control B/W
mouse. BGG was placed in wells, and animal's
serum in trough.
Precipitating Factors
Hydralazine and Mesantoin in the doses
used neither accelerated the appearance of
autoimmune disease nor aggravated existing
disease in the B/W mice. Proteinuria did not
develop and nephritis was not prematurely
precipitated.
DISCUSsION
To our knowledge these are the first reported
experiments dealing with the immunologic be-
havior of the New Zealand mice. These pre-
liminary studies indicate that delayed hyper-
sensitivity to EA, BSA and PPD appears to
develop normally ill B/W hybrids. The B/W
mice (and NZB animals) can be made rela-
tively tolerant to BGG as adults and quali-
tatively can form circulating antibodies to
this protein. Quantitative studies are under-
way to compare the immunologic reactivity of
the New Zealand mice at various stages of
disease with normal murine strains.
Circulating antigen-antibody complexes,
anti-tissue antibodies, and circulating lym-
phocytes are believed to play an important role
in the pathogenesis of autoimmune disease.
Parabiosis seemed to be an ideal method for
transmitting the autoimmune disorder from
one animal to another. On the 3rd or 4th day
after union, cross circulation is functioning
well, and the blood volumes are completely
mixed as determined by the distribution of
Strain Tolerance Developed
B/W
NZB
ICR
10/10
3/3
2/3
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radioehromium labelled red cells, However
neither histologic abnormalities in the kidney
nor proteinuria were found in any of the
young parabionts, including those in whom
ANF was detectable for 4 to S weeks after the
parabiosis had been terminated. The failure
to produce renal disease in the young para-
biont may be related to insufficient humoral
and/or cellular elements being transferred
from the old parabiont. The reticuloendo-
thelial system of the young animal may be re-
moving antigen-antibody complexes from the
blood too efficiently to permit their accumu-
lation in renal glomeruli with resulting tissue
damage. Abnormal amounts of gamma globulin
were not found in the renal glomeruli of these
young parabionts when the tissues were stud-
ied by immunofluorescent technique.
On the other hand, circulating immunologi-
cally competent cells and/or other as yet un-
identified factors were transferred in sufficient
quantity to produce a persistently positive
ANF test in 6 of 10 young B/W parabionts.
Autoimmune disease, as defined by a per-
sistently positive ANF test, appears to have
been transferred to the young B/W para-
biont. Although it is most likely that im-
munologically competent cells from the old
B/W parabiont are proliferating and produc-
ing ANF in these 6 young parabionts, it is
possible that the autoimmune mechanism in
the young animal has been activated to
produce the ANF. However these animals did
not show ruffled fur, alopecia, wasting and
bunching characteristic of older B/lkT animals
with full-blown autoimmune disease, and they
were indistinguishable clinically from un-
treated liter-mates.
There is no correlation between the presence
of ANF and renal disease in New Zealand
mice. Kidney disease has been found with high
frequency in several colonies of NZB mice in
addition to our own in which ANF is vir-
tually absent (9, 10, 11).
In experiments to be reported in detail later,
we have parabiosed NZB mice exhibiting au-
toimmune hemolytic anemia to young NZB
animals who were not yet affected. A positive
Coomhs' test developed in the young NZB
parabionts and remained strongly positive for
2 to 3 months before hemolytie disease began.
It has not been possible to accelerate auto-
immune disease in B/W and NZB mice by
parabiosis. The natural development of auto-
immune disease in New Zealand mice proceeds
slowly until the animals are approximately 5
to 6 months old. The sequential histologic ab-
normalities in the kidneys and the appearance
of Coombs' positivity, L.E. cell phenomena
and ANF are gradual up to this age. There-
after the disease accelerates rapidly so that all
B/W mice have serologic abnormalities and
most have died from renal failure by 10 to 12
months. The majority of NZB mice develop
severe hemolytic anemia by 10 months. The
factors responsible for this sudden accelera-
tion in the development of autoimmune dis-
ease are not known, and thus far they have not
been influenced by parabiosis.
Hydralazine and Mesantoin did not pre-
cipitate any serologic or renal abnormalities
in the B/W mice. These negative experiments
are not helpful in solving the problem whether
hydralazine uncovers latent lupus as suggested
by Alarcón-Segovia et al. (12) or whether it
creates a lupus syndrome de novo (13). The
clinical evidence favors the latter concept.
Mesantoin appears to uncover latent lupus in
humans according to clinical data (14) but it
was not effective in these animals.
SUMMARY
1. Delayed hypersensitivity to EA, BSA,
and PPD develops normally in B/W mice.
2. Relative tolerance to BGG can be pro-
duced in adult B/W and NZB mice.
3. IParabiosis between old B/W and young
B/W, NZW, and ICR mice did not produce
renal disease in the young parabionts, nor did
it accelerate the onset of autoimmune disease
in the young B/W animals.
4. Hydralazine and Mesantoin did not ac-
celerate or aggravate autoimmune disease in
B/W mice.
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